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(54) A miniature electric motor with a spark-quenching element 



(57) A miniature motor comprises a cylindrical 
housing (1) closed at one end with an end cap 

(6) closing the open end ; a permanent magnet 
(2) fitted to the inner surface of the housing (1) ; 
a rotor (5) supported in bearings (9,10) in the 
housing (1) and end cap (6). The rotor includes 
an armature (3) and a commutator (4) which 
makes sliding contact with brushes (7) fitted to 
the end cap (6). Input terminals (8) in the end 
cap (6) are electrically connected to the brushes 

(7) , and a spark-quenching element in the form 
of a laminated ceramic capacitor formed into a 
ring (18) is mounted on the rotor (5). The 
spark-quenching element has on its outer sur- 
face the same number of electrodes (19) as the 
number of poles of the armature (3). The 
electrostatic capacity of the capacitor is prefer- 
ably more than 1 




FIG. 7 
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This invention relates to miniature motors, for example of the type used In electric shavers and hair driers. 
It relates particularly to such motors having a spark-quenching element. 

Spark-quenching elements are used in miniature electric motors to reduce spark generation at the sliding 
contact between the brushes and the commutator. Known such elements are effective, but tend to require more 
space than is readily available, and complicate motor assembly. The use of varistors has also been proposed, 
but in many circumstances such as when the power requirements are high, the capacity of the element can 
be insufficient. 

The present invention addresses the problems inherent in the prior art. Particularly, it seeks to design a 
miniature motor in which a small number of components are required for the spark-quenching element. It is 
additionally concerned with improving motor torque and service life of miniature motors, and with keeping the 
overall size of such to a minimum. 

Miniature motors suitable for use in this invention comprise a cylindrical housing closed at one end with 
an end cap closing the open end; a permanent magnet fitted to the inner surface of the housing; a rotor sup- 
ported in bearings in the housing and end cap, the rotor including an armature and a commutator which makes 
sliding contact with brushes fitted to the end cap; input terminals in the end cap electrically connected to the 
brushes; and a spark-quenching element. According to the invention, the spark-quenching element comprises 
an annular laminated ceramic capacitor having on its outer surface the same number of electrodes as the num- 
ber of poles of the armature of the rotor. 

Some known spark-quenching elements and their installation in miniature electric motors, and two em- 
bodiments of the present invention, will now be described by way of example and illustration, and with reference 
to the accompanying schematic drawings wherein: 

Figure 1 is a longitudinal sectional view illustrating an example of a miniature electric motor to this invention 

may be applied; 

Figures 2Aand 2B are end and side views of a rotor used in a known miniature motor having a spark- 
quenching element; 

Figures 3A and 3B are end and side views of another known spark-quenching element; 

Figure 4 is an equivalent circuit diagram illustrating the electrical connections of capacitors and coils; 

Figure 5 is a longitudinal sectional view illustrating a miniature motor according to one embodiment of this 

invention; 

Figure 6 is an exploded perspective view showing the principle components of the rotor in the motor of 
Figure 5; 

Figure 7 is a partly cut away enlarged perspective view of the spark-quenching element shown in Figures 
5 and 6; 

Figure 8 is an explanatory diagram illustrating the construction of the internal electrodes of the spark- 
quenching element shown in Figures 5 and 6; 

Figures 9A, 9B and 9C are plan views illustrating major components of the spark-quenching element shown 
in Figures 5 and 6; and 

Figure 10 is an enlarged perspective view showing a spark-quenching element according to another em- 
bodiment of this invention. 

The miniature motor shown in Figure 1 comprised a housing 1 made of a metallic material, such as mild 
steel, and formed into a bottomed hollow cylinder, on the inner circumferential surface of which a permanent 
magnet 2 formed into an arc-segment shape, for example, is fitted. An end cap 6 made of an insulating material 
is fitted to the open end of the housing 1 . A rotor 5 consisting of an armature 3 facing the permanent magnet 
2, and a commutator 4, is rotatably mounted in bearings 9, 10 in the housing 1 and end cap 6. Brushes 7 are 
provided on the end cap 6, together with input terminals 8 electrically connected thereto. The free ends of the 
brushes 7 make sliding contact with the commutator 4. The motor operates in the conventional manner, with 
power being delivered to the input terminals 8, and to the armature 3 of the rotor 5 via the brushes 7 and the 
commutator 4, to drive external equipment (not shown) via the rotor shaft 11 . 

Miniature motors of the kind shown in Figure 1 exhibit high power characteristics. Their properties are also 
such that speed and positioning control can be easily effected using electronic circuits. On the other hand, 
they have the disadvantages of mutual abrasion and spark generation because of the sliding contact between 
the brushes 7 and the commutator 4. To overcome these disadvantages, miniature motors having spark- 
quenching elements have already been proposed, and two such elements are now discussed with reference 
to Figures 2 to 4. 

In the rotor shown in Figures 2Aand 2B, a plate. 12 is provided between the armature 3 and the commutator 
4, to which electrolytic capacitors 13 are fitted. Three pieces, for example, of the electrolytic capacitors 13 are 
connected as shown in Figure 4. Reference 14 identifies a coil constituting the armature 3 shown in Figure 1, 
connected in parallel with the electrolytic capacitors 13. 
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The spark-quenching element just described requires a total of four components, i.e., the plate 12 and 
three electrolytic capacitors 13, complicating rotor assembly. Since the electrolytic capacitors 13 are fitted in 
the slots 3a of the armature 3, as shown in Figures 2, there is also a space limitation. If the electrostatic capacity 
of the capacitors 13 is to increase, the space available for the coil 3b that determines the torque of a miniature 

5 motor is accordingly limited. Further, when fitting the electrolytic capacitors 13, the insulating coating of the 
coil 3b may be damaged, causing shortcircuiting between layers. Also, the lead wires 13a of the electrolytic 
capacitors 13, where they protrude from the plate 12 can hamper efforts to reduce the thickness of the motor. 

The spark-quenching element, shown in Figures 3 is substantially as disclosed in Japanese Published Util- 
ity Model Application No. 14709/1976, for example. In this example, a plate 15 made of an insulating material 

10 has a ring shape and a plurality of electrodes 1 6 applied on the surface thereof, chip capacitors 1 7 being mount- 
ed across electrodes 16. When chip capacitors 17 having a large capacity are used, however, their thickness 
increases, and so does the thickness of the plate 15. This also hampers efforts to reduce the overall dimen- 
sions of the motors. 

Japanese Published Utility Model Application No. 42457/1976 discloses the use of washer-type varistors 

15 as spark-quenching elements. In this example, a plurality of divided electrodes are formed on at least the cir- 
cumferential surface of a varistor proper formed into an annular shape, with the electrostatic capacity of the 
varistor being as small as dozens of nF. At high voltages over 30 V, for example, the dispersion of varistor vol- 
tage becomes extremely large, increasing the dispersion of the spark-quenching effect. Further the electro- 
static capacity becomes as small as a few nF in inverse proportion to the varistor voltage. 

20 In miniature motors using voltages as low as 2.4 V for example, a large current is needed to obtain high 

power. The service life of a miniature motor can be improved by the characteristics of the varistor proper so 
long as the voltage is within the range of 2.4 - 30 V. When varistors are used in a miniature motor having a 
high-voltage specification with a motor terminal voltage of over 30 V, as described above, and one having a 
large-current and high-output specification of under 2.4 V, the electrostatic capacity of the spark-quenching 

25 element could be insufficient. 

According to the embodiment of the invention shown in Figures 5 and 6, a spark-quenching element 18 
comprises a laminated ceramic capacitor made of a highly dielectric ceramic material, such as barium titanate, 
which will be described later. The element 18 is formed into a ring shape and fitted to the shaft 11 between 
the armature 3 and the commutator 4. It has on its outer periphery the same number (three in this embodiment) 

30 of electrodes 19 as the number of poles of the armature 3. 

Figure 7 is a partly cutaway enlarged perspective view of the spark-quenching element 18 shown in Figures 
5 and 6. Figure 8 is a diagram of assistance in explaining the construction of the internal electrodes of the 
aforementioned spark-quenching element 18. figures 9A and 9B are plan views illustrating major components 
of the aforementioned spark-quenching element 18. In Figures 7 to 9, numeral 20 identifies a ring-shaped thin 

35 sheet made of a highly dielectric material, such a barium titanate, and numeral 21 an internal electrode formed 
into a sector shape with the central angle thereof being 180 degrees. Each electrode 21 has a terminal 22 
facing the outer circumferential surface thereof. The ring-shaped thin sheets 20 and the internal electrodes 
21 are laminated alternately, and a capacitor is formed by the portions where the internal electrodes 21 overlap 
(as shown by shaded portions), as shown in Figure 8. An electrode 23 is connected to each terminal 22 to elec- 

40 trically connect the commutator 4 and the armature 3 shown in Figure 5. 

Tests were conducted on miniature motors in which the spark-quenching elements of the type described 
above with reference to Figures 5 to 9 were incorporated. The tests were based upon continuous operation 
with an applied voltage of 38 volts d-c and a fan load of approximately 20g, and the results are shown below. 
In this test, l 0 = 210 mA, and N 0 = 22,000 rpm. In the table, the results for a miniature motor equipped with a 

45 varistor and one without a spark-quenching element are also shown at (4) and (5). 





Spark-quenching element 


Electrostatic capacity (uF) 


Life (h) 


(1) 


Laminated capacitor 


1.5 


650 


(2) 


Laminated capacitor 


1.0 


600 


(3) 


Laminated capacitor 


0.5 


250 


(4) 


Varistor 


0.01 


200 


(5) 


None 


0 


50 



As is evident from the table above, the motor without spark-quenching element (Test 5) had a service life 

3 
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of only 50 hours. With the motor using a varistor (Test 4), service life was extended to 200 h. Because of its 
electrostatic capacity of 0.01 jiF, it had an insufficient spark-quenching effect. Those motors equipped with 
spark-quenching elements formed by laminated ceramic capacitors in the aforementioned manner (Tests 1 to 
3) on the other hand, had a remarkable spark-quenching effect and an extended service life because of their 
5 high electrostatic capacity. By increasing electrostatic capacity beyond 1 uF, it was found that a service life 
standard in excess of 300 hours is readily achieved; a level quite acceptable for household appliances, such 
as electric shavers and hair driers. Thus, the invention enable the life of a miniature motor to be substantially 
extended. 

A number of highly dielectric materials can be used in the capacitors incorporated in motors of this inven- 
w tion, such as titanium oxide, magnesium titanate, calcium titanate, strontium titanate, barium titanate, lead ti- 
tanate and lead zirconate. However, barium titanate, having a relatively high dielectric constant, is preferred. 

Capacitors of electrostatic capacity less than 1 jiFare not normally recommended because of the relatively 
low motor life extending effect cannot be expected. Miniature motors used for electric shavers and hair driers 
for example, commonly require a warranty for 250-hour continuous operation, with the acceptable standard 
15 often being set at 300 hours for the sake of safety. For this reason the preferred minimum electrostatic capacity 
of the capacitor incorporated in motors of this invention is 1 uF. 

Figure 10 is an enlarged perspective view illustrating a spark-quenching for use in another embodiment 
of this invention. Like parts are indicated by like numerals used in Figure 7. In the element of Figure 10, an 
electrode 23a formed into an essentially sector shape is provided on the end face of the ring-shaped thin sheet 
20 20. The electrodes 23a are electrically connected to the electrodes 23 provided on the outer periphery of the 
ring-shaped thin sheets 20. With this construction, the spark-quenching element can be easily mounted on 
the rotor, and electrical connection between the commutator 4 and the armature 3 is facilitated. 

Although in the embodiments described the outer circumferential shape of the spark-quenching element 
is substantially circular, other geometric shapes may be used. The thickness of the ring-shaped disc and the 
25 number of lamination of the discs may be selected appropriately in accordance with the respective motor spec- 
ifications. Materials used for the ring-shaped disc and the internal electrode of the spark-quenching element 
may also be appropriately selected. 

The invention offers the following particular benefits: 

(1 ) Since the spark-quenching element has a very simple construction, a large number of components are 
30 not required. Thus, motor production is facilitated, and the number of assembly manhours can be re- 
duced. 

(2) Thinner miniature motors can be manufactured because the axial thickness of the spark-quenching 
element is small. In addition, motor torque can be increased because the element does not significantly 
encroach upon the space required for the armature coil. 

35 (3) Since the electrostatic capacity of the spark-quenching element can be relatively large, a remarkable 
spark-quenching effect can be achieved, and the service life of miniature motors can be substantially 
improved. 



40 Claims 

1 . A miniature electric motor comprising a cylindrical housing (1 ) closed at one end with an end cap (6) closing 
the open end; a permanent magnet (2) fitted to the inner surface of the housing (1); a rotor (5) supported 
in bearings (9,10) in the housing (1) and end cap (6), the rotor including an armature (3) and a commutator 
45 (4) which makes sliding contact with brushes (7) fitted to the end cap (6); input terminals (8) in the end 

cap (6) electrically connected to the brushes (7); and a spark-quenching element, 
CHARACTERISED IN THAT 

the spark-quenching element (18) comprises an annular laminated ceramic capacitor having on its outer 
surface the same number of electrodes (19) as the number of poles of the armature (3) of the rotor (5). 



50 



55 



2. A miniature motor according to Claim 1 wherein the electrostatic capacity of said capacitor is more than 
1 uF. 

3. A miniature motor according to Claim 1 or Claim 2 wherein the spark-quenching element comprises thin 
sheets (20) formed of a highly dielectric material into a ring shape and thin-film internal electrodes (21) 
formed of an electrically conductive material into a sector shape, the sheets (20) and electrodes (21 ) being 
laminated alternately in the axial direction, and wherein the capacitor is formed by the overlapped portions 
of the internal electrodes (21) of the same number as the number of poles of the armature (30) in the 
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projected plane orthogonally Intersecting the axis. 

4. A miniature motor according to any preceding Claim wherein the same number of sector-shaped electro- 
des (21) as the number or poles of armature (3) are provided on the end face of the laminated ceramic 
capacitor, and electrically connected to corresponding electrodes (23) provided on the outer circumfer- 
ential surface thereof. 

5. A miniature motor according to any pending Claim wherein the outer profile of the spark-quenching ele- 
ment (18) is circular. 

6. A miniature motor according to any preceding Claim wherein the spark-quenching element (18) is fitted 
to the motor rotor (5). 
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FIG. 2A FIG. 2B 

(PRIOR ART) (PRIOR ART) 
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